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Introduction
Loss of genetic variation arising from severe reductions in population size (bottlenecks and inbreeding) and the possible consequent reduction in fitness are major themes in conservation biology (Caughley, 1994) . Based mainly on studies of captive populations, inbreeding depression is widely accepted as a fact (Keller et al., 1994) . Nonetheless, the role of loss of genetic variation in the decline or extinction of natural populations is difficult to demonstrate empirically. The existence of seemingly viable populations with severely reduced or no detectable genetic variation argues against this being an inevitable outcome. Studies of variation at hypervariable DNA regions (e.g. minisatellites, the major histocompatibility complex) have revealed populations of various species, principally mammals, with reduced levels of variation compared with other populations of the same or related species (e.g. Gilbert et al., 1990; Ellegren et a!., 1993; Rassmann et a!., 1994) . In (1985) have argued that reduced genetic variation has led to a reduction in fitness in the cheetah, Acinonyx jubatus, but this has been disputed by Caro & Laurenson (1994) on the grounds that ecological factors, especially predation, are the chief cause of juvenile mortality. However, the two views are not necessarily mutually exclusive.
The brown trout (Salmo trutta L.), a native of Europe and south-west Asia, shows extensive variability and plasticity in its morphology, ecology and behaviour. On the basis of protein electrophoretic studies, it has been shown to have among the highest reported levels of polymorphism of any vertebrate species (Ferguson, 1989) . Thus, 54 per cent of 70 loci examined in brown trout populations from throughout the native range have been found to be polymorphic, with individual populations being polymorphic at up to 35 per cent of their loci. High levels of protein polymorphism have been found in Atlantic basin brown trout populations from Denmark (Hansen et a!., 1993) , France (Krieg & Guyomard, 1985) , Norway (Skaala, 1992) , Spain (Garcia-Mann et a!., 1991; Martinez et al., 1993; 208 1997 The Genetical Society of Great Britain.
Partitioning of genetic diversity (FST; Wright, 1951) shows that, in north-west Europe, about 60 per cent of the total genetic variability is distributed among populations (Ferguson, 1989) . Of more than 250 population samples that have been examined from some 60 discrete water systems in Britain, Ireland and Iceland, only the samples from two adjacent lakes in north-west Scotland were completely monomorphic at 46 protein-coding loci (Ferguson, 1989) . A similar electrophoretic study of brown trout from 63 localities in Scotland (Stephen & McAndrew, 1990 ) included one of these two populations, when it was also recorded as being uniquely monomorphic.
Studies involving mitochondrial DNA (mtDNA) (Hynes et a!., 1996) For mtDNA analyses, genomic DNA extracts were digested with all six restriction enzymes previously found to reveal polymorphism in European brown trout (Hynes et al., 1996) , namely Avail, EcoRV, HaeIII, Hinfl, MboI and XbaI. Gel electrophoresis and Southern blotting of the DNA fragments followed standard procedures. Blots were probed with a 32P-labelled purified total mtDNA probe, as described by Hynes et al. (1996) .
For nuclear DNA analyses, a sample of genomic DNA (3 pg per individual) was restriction digested with Pall (an isoschizomer of HaeIII). Gel electrophoresis, Southern blotting and probing conditions followed Taggart & Ferguson (1990) for multilocus DNA fingerprinting, and Prodöhl et a!. (1994) for single-locus DNA profiling. Multilocus fingerprint patterns were obtained using the Jeffreys' humanderived minisatellite 33.6 and 33.15 hybridization probes (Jeffreys et a!., 1985) . These probes had previously been shown to detect two different sets of highly variable minisatellite loci in brown trout (Taggart & Ferguson, 1990; ProdOhl et al., 1992) . Eight minisatellite loci were investigated using five single-locus probes derived from brown trout (pStrAl, pStr-A3, pStr-A5, pStr-A9 and pStr-A2212; ProdOhl et al., 1994) and three from Atlantic salmon (Salmo salar L.) (pSsa-A34, pSsa-A45/l and pSsa-A45/2; Taggart et a!., 1995).
Results
Fifty-three mtDNA restriction fragments were observed, representing a total of 244 nucleotides (about 1.5 per cent of the mitochondrial genome). Only a single fragment pattern was found for each of the enzymes examined. These corresponded to pattern A for XbaI, B for EcoRV, D for Avail, A for Hinfl, C for HaeIII, C for MboI and composite genotype XII as defined by Hynes et al. (1996) . Examination of eight specific minisatellite loci (Str-A1, Str-A3, Str-A5, Str-A9, Str-A22/2, Ssa-A34, Ssa-A45/1 and Ssa-A45/2) showed samples from Riabhaich and Crocach to be monomorphic at all loci, with the same allele at each locus being fixed in both populations.
The ratio of female to male trout was 1:0.88 for Riabhaich and 1:1 for Crocach. The age distribution and back-calculated mean length at age for trout from these lakes are shown in Table 1 . Both mature males (fourth year and older) and females (fifth year and older) were present in the samples.
Discussion
The mtDNA, single-locus and multilocus minisatellite studies reveal no or, at best in the case of the multilocus patterns, extremely low variation in the samples of brown trout from Riabhaich and Crocach. This situation is in marked contrast to what has been found in other brown trout populations in north-west Europe.
In 37 samples from other populations in northwest Europe examined by Hynes et at. (1996) , using the same restriction enzymes as in this study, three Irish populations and 13 Icelandic populations of brown trout showed no mtDNA variation. As a result of its maternal inheritance and haploid nature, mtDNA has one-quarter the effective population size relative to nuclear genes and, consequently, mtDNA variation is more easily lost during population bottlenecks. Thus, lack of variability in mtDNA may be less surprising than for the nuclear minisatellite genes. The haplotype found in samples from Riabhaich and Crocach was also found in trout populations from Ireland and Poland (Hynes et at., 1996) .
The monomorphism, or near-monomorphism, in multilocus DNA fingerprints is particularly unexpected. Pedigree analysis of brown trout DNA fingerprints resolved with the 33.6 and 33.15 probes have shown that most bands represent different loci (Taggart & Ferguson, 1990) . Prodöhl et a!. (1992) The Genetical Society of Great Britain, Heredity, 79, 208-213.
found highly variable fingerprints among brown trout individuals from each of the three sympatric populations in Lough Melvin (Ireland), including the ferox type, which was found to be monomorphic for mIDNA (Hynes et a!., 1996) .
More convincing evidence of lack of variation is given by the single-locus minisatellite analyses, as these are not subject to the technical and interpretation limitations of multilocus fingerprints. All other brown trout populations screened to date , using the same locus-specific minisatellite probes as in this study, showed extensive polymorphism even when similar sample sizes to those examined from Riabhaich and Crocach are considered. These include all 16 populations that were monomorphic for mtDNA (see above). Mean heterozygosity values ranged from 0.22 to 0.69, and the mean number of alleles per locus per population from 2.3 to 7.7 (Ferguson eta!., 1995) . Highest levels of variability occurred in anadromous trout populations in Scotland and Ireland, with up to 14 alleles at a locus in a population (Thompson, 1995) . Typically also, geographically separate brown trout populations are genetically distinct .
The trout populations in Riabhaich and Crocach are thus unique among studied brown trout populations from Iceland, Ireland and Scotland in that they do not show genetic variation, within or between populations, with any of the molecular techniques employed to date. This raises several questions. How has this atypical monomorphism arisen? Why are the populations in the two adjacent but unconnected lakes fixed for the same alleles at all loci? What are the fitness implications of this lack of variation? Fisheries records available for the area register the occurrence of brown trout in Riabhaich and Crocach for over 100 years, although whether they result from natural or artificial introduction before this time is not known. Although the lakes could not be colonized naturally today, in earlier postglacial times before isostatic uplift and waterfall erosion, such colonization would probably have been possible. Because of a distinctive coloration of trout in the two lakes, care has been taken by the estate owners to prevent stocking of these lakes. It may be, however, that interlake transplants have occurred without being recorded, and this is the most likely explanation for the genetically identical populations in the two lakes. However, even if the populations were artificially founded using individuals from even a single family from any other known population of brown trout in western Europe, variability would still be expected, given the level of heterozygosity in these populations. Thus, irrespective of whether
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Most lake-dwelling brown trout in Britain and
Ireland are river spawners. In the case of Riabhaich and Crocach, the outlet rivers fall almost immediately over steep cliffs and thus could not serve as nursery areas. Each lake has a single small inlet stream. Electrofishing on two occasions in these streams failed to find juvenile fish. One-and two-year-old trout were present in the lake samples, whereas these age groups would normally be expected to be still in the rivers. It would appear that either juveniles migrate downstream very early or the trout atypically spawn on the beds of the lakes. These comprise mainly rounded rubble and suitable spawning and nursery conditions may be limited. In either case, recruitment is likely to be low and temporally variable. Continual low effective population sizes or repeated severe bottlenecks could result in monomorphism in relatively few generations compared with the time that these populations have potentially been in existence.
Of the other European populations of brown trout examined by the authors (Prodöhl, 1993) , the next lowest level of variation found (as judged by combined protein, mtDNA and minisatellite analyses) was in the lakes of the Veidivötn system, adjacent to the Vatnajökull glacier in central Iceland. These lakes form a row of water-filled explosion craters surrounded by volcanic ash, and in most cases there are no inlet or outlet rivers. Thus, the trout here are obligate lake spawners and, because spawning conditions are poor and the lakes are frozen over throughout the winter, the recruitment is low and variable (Kristjánsson, 1978) .
A common consequence of the reduction of genetic variability is an increase in population vulnerability and reduction in individual fitness. This is because homozygosity exposes deleterious recessive alleles, negates individual locus heterosis and limits the possibility for future adaptation. Genetic theory predicts that this will be manifested in lower fecundity, higher infant mortality and reduced growth rates (Caro & Laurenson, 1994) . In fish, growth rate is a good predictor of fitness, as survival, time of maturation and fecundity are size-related. Campbell (1971) ranked the growth rate of brown trout in 24 lakes in northern Scotland on the basis of the size at the fourth winter. By comparison, backcalculated lengths of trout from Riabhaich and Crocach would be equivalent to the 12th and 10th rank of his populations. That is, the growth rates are 'average' among northern Scottish populations. More detailed information on fecundity, juvenile survival and disease resistance of these trout is required before definitive conclusions on fitness can be drawn. However, one could speculate that the multiple bottlenecks and subsequent inbreeding may have been sufficient to purge deleterious alleles from the populations with a subsequent recovery of fitness (Brakefield & Sacchini, 1994) .
These populations represent a unique opportunity to investigate the relationship between lack of genetic variation in natural populations and fitness. These highly homozygous trout provide the equivalent of highly inbred strains of laboratory mice or rats and would be extremely valuable in experimental situations for the purpose of disentangling the effects of genotype and environment, and for gene mapping and linkage studies. Given the scientific importance of these populations, it is essential that both in situ and ex situ conservation measures are taken. Such genetically unique populations would be highly vulnerable even to a small amount of stocking with non-native trout (Hansen & Loeschcke, 1994) .
